Upcoming LSST survey gives an unprecedented opportunity for studying populations of intrinsically faint objects using microlensing technique. Large field of view and aperture allow effective time-series observations of many stars in Galactic disk and bulge. Here, we combine Galactic models (for |b| < 10
INTRODUCTION
The Large Synoptic Survey Telescope (LSST) is an optical and wide-field telescope whose primary mirror has 8.4 m diameter and is now under construction in Chile (Ivezic et al. 2009 ). LSST is supposed to observe the most of the visible sky every 4 days. Its field of view (FoV) and lifetime will be 9.6 deg 2 and 10 years, respectively. The exposure time for each field will be 30 sec. During a night, LSST will observe each field twice with visits separated by 15 − 60 minutes (LSST Science Collaboration et al. 2017 ). Hence, LSST will take about 1000 images for most fields in the visible sky during its lifetime, i.e., the total number of visits in 10 years is anticipated to be about 2.8 million. Also 90 percent of its time will be allocated to uniform observations with a constant cadence and during the rest of time, LSST will observe with other strategies.
LSST will (i) measure weak gravitational lensing to probe for any signals of dark energy and dark matter, (ii) map our galaxy and its objects, (iii) make an inventory of solar system components, and (iv) detect transient phenomena in optical band such as supernovae (Ivezic et al. 2009 ). However, other astrophysical events will be detected during the LSST lifetime. For instance, if Galactic disk is observed uniformly, then many microlensing events toward the Galactic bulge and disk will be de-tected. In this regard, Gould (2013) studied the possibility of probing the planet distribution in the Galactic plane by microlensing detection in addition to the transit technique.
When the light of a background source star passes through the gravitational field of a foreground massive object, it is bent toward the center of gravity, the socalled gravitational lensing event. In the Galactic scales, the light from a distant star can be lensed and as a result magnified by a collinear massive object which is called a gravitational microlensing event (Einstein 1936) . In these events the light from the background source star is magnified and produces two deformed images with unresolvable angular separation.
Detecting microlensing events toward the Galactic disk by a survey telescope helps constraining the mass, spatial and velocity stellar distributions in the Galactic thin and thick disks and the Galactic bar. Probing microlensing events during 7 seasons toward 4 directions in the Galactic plane was done by EROS-II (Rahal et al. 2009 ). As a result of this project, 27 microlensing candidates have been found. By performing a Monte Carlo simulation according to the EROS-II observing strategy and comparing the results from simulation with the real observation, Moniez et al. (2017) could test the Galactic models, different mass functions, etc. The problems with microlensing events toward the Galactic plane are: (i) we do not know source distances, whereas toward the Galactic bulge almost all of the source stars belong to the Galactic bulge and are located at the distance of approximately 8 kpc far from us and (ii) the interstellar extinction is high and variable in both quantity and quality toward the Galactic disk. We lack detailed knowledge about ex- (l, b) . The averaging is done over the detectable microlensing events.
tinction in the disk because there is no group of stars for which we apriority know colors and can be easily selected (red clump stars serve in the bulge). The poorly known extinction hampers optimizing observations and makes determination of event properties harder, (i.e., the source angular size, the size of the Einstein ring). These issues increase the number of degenerate physical parameters. However, the overall distributions of the observable parameters from observations can be used to examine the different models in the Galaxy.
LSST is suppose to uniformly observe the galactic plane. As a result, it will detect large number of microlensing events toward the Galactic disk and bulge and its results will help to probe different Galactic models of mass, velocity, special distribution, etc. In this work, we aim to simulate LSST observations toward the the Galactic bulge and disk with its observing strategies to predict detections of the Galactic disk microlensing events. We aim to specify the characteristics and statistics of the disk microlensing events which will be detected during its era. However, we do not consider the case of LSST providing supporting observations for the WFIRST microlensing survey to measure free-floating planet masses.
We perform a Monte Carlo simulation of detectable microlensing events during the LSST lifetime according to its observing strategy in details explained in section (2). In the following section, we discuss the optical depth, the rate of events and the number of observable events toward different directions resulted from the simulation. Also we discuss the impact of observing cadence on the results. In the section (4), we simulate observing microlensing events by considering two strategies for observation (I) 900 epochs during 10 years observation with the 3.9−day cadence and (II) 180 epochs during the first year with the 0.9−day cadence, to predict statistics and properties of detectable microlensing events with these strategies. We summarize the results and conclude in the section (5).
MODELING OF LSST MICROLENSING OBSERVATIONS
In order to simulate the microlensing events detectable by LSST, we (i) simulate an ensemble of model microlensing events toward different directions in the Galactic plane, (ii) generate synthetic data points for each of them by assuming that these events are being observed by LSST, and finally (iii) exert some criteria as detectability threshold to simulated microlensing events to determine (a) the LSST ability of detecting bulge and disk microlensing events and (b) the characteristics of these events. These three steps are discussed in the following subsections, respectively.
Simulating disk microlensing events
In the following, we illustrate how to generate the parameters of the source and the lens stars to make microlensing model light curves. For the source stars, their locations are specified according to the overall mass density throughout the Galaxy versus distance in a given
s Ω l , where ρ t (D s ) is total mass density due to all stellar structures in our galaxy, i.e., the thin and thick disks, Galactic bulge (and bar), and the stellar halo, D s is the source distance from the observer, and l and b represent the Galactic longitude and latitude respectively. We model these mass densities using the Besançon model (Robin et al. 2003 (Robin et al. , 2012 . One can find all details of these mass density profiles in the Appendix B of Moniez et al. (2017) . The map of total
s dD s Ω l in the unit of M per line of sight in the Galaxy is shown in Figure 1(a) . In the simulation, the area corresponding to each line of sight is Ω l = (0.25 deg)
2 . We indicate the intrinsic photometric properties of the source stars in the same way as Penny et al. (2017) and use the old public version of the Besançon model 4 . For each structure, we simulate a sample of stars in CFHTLS-Megacam photometry system 5 without considering extinction. Then, the magnitudes in these filters, u g r i z , are converted to the magnitudes in the Sloan Digital Sky Survey (SDSS) filters as (Gwyn 2008) :
LSST filters are the same as the SDSS photometry system (Ivezic et al. 2009; Fukugita et al. 1996) . These magnitudes can also be transformed to the standard JohnsonCousins photometry system 6 . We do not simulate the magnitude of source stars in the y−band filter. The Besançon model does not give the magnitude of stars in this band. However, the LSST photometric uncertainty in this band is high, i.e., the 5σ depth for point sources in y−band, m 5,y , is 22.6 whereas that for z−band is 24.45.
In order to determine the apparent magnitude of the source stars, we add the distance modulus and the extinction due to the interstellar gas and dust to the absolute magnitudes. We use the 3D extinction map presented by Marshal et al. (2006) . They measured 3D K s −extinction map for the Galactic latitude in the range of b ∈ [−10 : 10
• ] and the Galactic longitude in the range of l ∈ [−100 : 100
• ] with the step ∆b = ∆l = 0.25
• and the distance step 0.5 kpc. Then, we convert it to the extinction in K−band using A K = 0.95 A Ks (Marshall et al. 2006) . The K−band extinction is converted to the extinction in other bands using Cardelli et al.(1989) 's relations. We assume R V of 2.5 for Galactic bulge and 3.1 for thin disk, thick disk, and the stellar halo (Nataf et al. 2013; Cardelli et al. 1989) . We also add a Gaussian fluctuation to each extinction value with the width in the range [0.017, 0.04] depending on the wavelength (Cardelli et al. 1989) . The source radius R is estimated using the Stefan-Boltezman relation:
2 , where L is the source luminosity, T ef f is the effective surface temperature and σ is the Stefan-Boltzmann constant.
The blending effect in the LSST observations is significant, because this telescope is anticipated to detect stars as faint as those with 24.3 mag in r−band. The number of such faint stars in the Galaxy is very high, which makes high blending effects for these faint stars. Therefore, it is crucial to consider and accurately calculate the blending amount for each source star. In order to calculate the contribution of background stars in the each LSST Point Spread Function (PSF), we calculate the averaged number of collinear stars toward the source line of sight whose light enters the PSF area which is given by:
where Ω P SF = π(FWHM/2) 2 in square arcsec is the LSST PSF area for a typical source star. FWHM is the Full Width at the Half Maximum of the brightness profile due to a typical source star which is (1.22, 1.10, 0.99, 0.97, 0.95) in arcsec unit corresponding to the filters ugriz, respectively. The n t (l, b, D s ) is the total number density of stars in a given direction and at the distance D s from the observer, which is given by:
where
is the mass density for the ith structure of our galaxy, < M i > is the averaged mass amount for the ith structure and the summation is done over different structures. The equation (2) gives the average number of blending stars and the true number in each measurement has a gaussian fluctuation around this value with the width √ N PSF . Figure 1 (b) represents the map of N PSF (l, b) in the Galaxy averaged over N PSF of observable microlensing events. For each of these blending stars, we calculate their apparent magnitudes as explained in the previous paragraph and as a result the overall flux due to all of blending stars, i.e.,
10
−0.4 mi . One of these blending stars is the source star itself. The blending parameter is given by f b = F /F base , where F = 10 −0.4m is the flux of the source star. In the real observation, if the overall magnitude due to all blending stars into a PSF reaches to the detection threshold, in that PSF one star is discerned, whereas in the simulation all of these blending stars pass the detectability criterion. In order to accordingly correct the simulation, we weight each simulated source star with its blending factor f b .
For the lens population, we first indicate the lens distance from the observer D l using the lensing probability
According to the contribution of different structures in the total mass density at the location of the lens ρ t (D l ), we determine to which structure the lens belongs to. Then, the lens mass is chosen from the corresponding mass density function to the lens structure. The Besançon model provides separate mass functions for different structures. We assume both source and lens stars have global and dispersion velocities (Kayser et al. 1986; Binney & Tremaine 2008) . In order to determine the lens-source relative velocity, we (i) obtain the velocity components in the observer coordinate system which axes are parallel with and normal to the line of sight direction and (ii) after projecting the source velocity in the lens plane subtract each component of the lens and source velocities. In the Besançon model, the values of different components of dispersion velocities depend on the stellar age and structure. In the simulation, we discard the events with the Einstein crossing time shorter than 0.5 or longer than 300 days. The longer microlensing events are hard distinguish in real observations (see, e.g., Mróz et al. 2017; Wyrzykowski et al. 2015) . The lens impact parameter is chosen uniformly from the range [0 : 1].
Generating synthetic data points
After generating the model microlensing events, the observability of their source stars by LSST is checked. From simulated model microlensing events, we ignore the microlensing events (i) which source stars are too faint to be detected at least in one of the LSST filters even when they are at the peak of their light curves and (ii) which source stars are fainter than the saturation limit of LSST in all filters. These events certainly are not observable. We had the detection threshold (i.e., limiting magnitude) for different LSST filters as given by Ivezic et al. (2009) (Table 2) .
In order to test the observability of microlensing signatures of the remaining microlensing events, we generate the hypothetically data points taken by LSST and then verify if they can be discerned as microlensing events by exerting some criteria. The data points are simulated in the range [t 0 −3.5t E : t 0 +3.5t E ], where t E is the Einstein crossing time, t 0 is the time of the closest approach that was uniformly chosen in the range of [0 : T obs ], where T obs = 10 yrs is the LSST lifetime. If the start time t min is less than zero (i.e., t min = t 0 − 3.5t E < 0) we start simulating data points from t min = 0.0 and if the end time t max = t 0 + 3.5t E is greater than T obs we interrupt simulating data points on T obs . The exposure time is fixed on 30 seconds. For timing the data points we also consider the seasonal gaps, i.e., the LSST observations happen only during about seven continuous months of each year. We assume that the weather is not suitable for the LSST observation with the probability of 20% for each night. However, during each night, the uniform observation by LSST will take place with the probability of 90% which is considered in the simulation.
For calculating the magnification factor, we consider the finite size effect of the source star and use the adaptive contouring algorithm (Dominik 2007) to calculate the magnification while the lens distance from the source center is in the order of the source radius projected on the lens plane. The synthetic data points which are between saturation and detection limits of the LSST are considered. We ignore the microlensing parallax effect during magnification calculations.
We assume that the observed magnitude of each data point has a gaussian fluctuation with respect to model value with the width equal to expected photometric error filter j (j ∈ ugriz): σ m,j = σ 2 sys + σ 2 rand,j . The σ m,j contains the random and systematic photometric errors. We take into account these two uncertainties from Ivezic et al. (2009) . For σ rand calculation we assumed sky brightness as given by Table 2 of the mentioned paper, i.e., ignoring impact of other stars and actual zenith distance. The photometric errors depend on wavelength and significantly decrease for the bright stars. In order to determine the epoch, airmass and filter used for taking The parameters used to make each of them are mentioned at the top of each light curve. The color of data points indicates the filter used: purple, blue, green, red and brown data points are taken ugriz filters respectively. The amounts of the background and intrinsic source flux depends on the filter used. We assume that these fluxes for each source star in all filters are measurable during the LSST observation. As a result, we can convert the measured magnitude in each filter to the corresponding magnitude in r−band and easily model all data points with one light curve. each data point, we make a big ensemble of these parameters from Operations Simulator (OpSim) with the approved reference run minion − 1016 7 . Each data point is reported in one filter.
7 https://www.lsst.org/scientists/simulations/opsim 2.3. Detectability criteria After generating synthetic data points of each model microlensing event, we probe if that event can be discerned. Our criteria for detectability are (i) there are at least 4 consecutive data points (in any filter) with the observed magnification deviating from constant flux more than 5 σ m,j , (ii) the difference of χ 2 from fitting the constant flux model and the microlensing model to the synthetic data points is larger than 200, and finally (iii) the peak of the light curve should be between t min and t max . As a result from the third criterion, we ignore the microlensing events for which the time of the closest approach is out of the LSST lifetime.
Six example simulated microlensing events with the synthetic data points are represented in Figures (2) and (3). The parameters used to make each of them are mentioned at the top of each light curve. m base,r is the baseline r−band brightness due to cumulative fluxes entered in the source PSF. The t E and t 0 are expressed in the days. The amounts of the background and intrinsic source flux depend on the filter used. We assume that these fluxes for each source star in all filters are measurable during the LSST observation. As a result, we can convert the measured magnitude in each filter to the corresponding magnitude in r−band and easily model all data points with one light curve, as shown in the figures.
The first microlensing event shown in Figure 2 (a) is not detectable by LSST, because of high blending. The source star is magnified enough, but the blending causes the enhancement in the stellar brightness due to the lensing effect to shrink and become on the order of the photometric noise. The microlensing event shown in Figure 2 (b) is not recognizable although it is a highmagnification event. Indeed, its time scale is too short in comparison with the LSST cadence so that only a single data point is taken during the magnification. The next event represented in Figure 2 (c) is not detectable also, although there is no blending effect and the event's time scale is long enough. Because of the seasonal gap, the peak of the light curve is not covered by the LSST data points.
The microlensing events shown in Figure ( 3) are observable by LSST. The first event has the large impact parameter, i.e., small lensing effect. Most microlensing events with small blending effect and the bright source stars can be detected. The next one (represented in Figure 3(b) ) is detected. In contrast to the highmagnification microlensing event 2(b) which was not detectable, this high-magnification event is detected. The duration of this event is long enough to take several data points while the source star is magnified. The last microlensing event shown in Figure 3 (c) is also recognizable. The long-duration microlensing events have higher chance to be detected during the LSST lifetime in comparison to the short duration events.
Figures (2) and (3) show that the microlensing events of very faint source stars (specially those fainter than the LSST detection threshold) can not mostly be detected. These events need to be highly magnified to be detected, whereas the durations of high-magnification microlensing events are proportional to t E u 0 , mostly too short in comparison with the LSST cadence. Whereas, the microlensing events of bright source stars even with low magnifica- tion or long-duration ones are more likely to be detected. For these events the time scale of the magnification is of order of the Einstein crossing time, most likely long enough for taking several data points by LSST. In the next section we study the characteristics and statistical properties of the detectable microlensing events.
OBSERVABLE MICROLENSING EVENTS WITH LSST
For each direction specified with the Galactic longitude and latitude with the steps ∆(l) = ∆(b) = 0.25
• , we perform a Monte Carlo simulation of microlensing events and probe their detectability, so that for every direction we have an ensemble of the detected events. In the following subsection we plot the map of characterizations and statistics of these events to study them. The numbers behind these maps are listed in Table (6) and (5) of the online version.
Characterizations and statistics
In Figure (4) , we plot the maps of the averaged physical parameters of the lens and source stars for the observable microlensing events. These parameters are the source and the lens distances from the observer, the relative lens-source velocity, and the Einstein crossing time from top to bottom. Toward the small latitudes (|b| < 2
• ), the interstellar extinction is very high which causes mostly the microlensing events with closer source and lens stars to be detectable, see Figure 4 (a) and 4(b). According to Figure 4(b) , toward the Galactic bulge excluding the points with |b| < 2
• most of the lens stars belong to the Galactic bulge and are located at the average distances around 6 kpc.
The Einstein crossing times of microlensing events far from the Galactic bulge are intrinsically much longer than those toward the Galactic bulge because the averaged relative lens-source velocity of the events far from the Galactic bulge is much smaller than that of the events toward the Galactic bulge, see Figures 4(c) and 4(d). For events that are far from the Galactic bulge on the sky, the relative lens-source velocity is smaller because the lens and source are close to each other and close to the Sun. Generally, the detectable microlensing events with LSST (due to long cadence) are a little longer than the detectable events with OGLE or MOA surveys toward similar lines of sight.
Figure (5) represents two maps: the top one, shows the blending parameter per line of sight averaged over the detectable microlensing events in r-band. The blending parameter f b is a function of the stellar number density and decreases while increasing the stellar number density (plotted in Figure 1(b) ). In the bottom map, we plot the probability of discerning microlensing events which their source stars are visible at least at one filter toward a given direction, ε LSST (l, b). For each line of sight, this probability is the fraction of the simulated microlensing events with detectable source stars (at least at one filter) which pass the detectability criteria (mentioned in the subsection 2.3). Generally, LSST detects the microlensing events with longer durations than typical values. Far from the Galactic bulge, the averaged Einstein timescale of microlensing events is longer than that of the events toward the Galactic bulge. On the other hand, the blending effect is ignorable toward the Galactic disk. These two effects make the probability function ε LSST (l, b) toward the Galactic plane be more than that toward the Galactic bulge.
For the statistics properties, we first calculate the overall optical depth due to all structures for the simulated microlensing events which are recognizable with LSST. The optical depth in given direction and distance can be calculated as (e.g., Moniez et al. (2017) ):
where x = D l /D s . Toward the Galactic disk, the distance of the detectable sources has a wide distribution.
In that case the optical depth results from averaging over optical depths due to different source distances (Rahal et al. 2009 ). We consider the source stars are visible at peak (but not at baseline), the so-called DIA optical depth (Kerins et al. 2009 ), τ DIA (l, b). The maps of the DIA optical depth is shown in Figures 6(a) . The DIA optical depth is reduced in |b| < 2
• region due to the high extinction and blending, which prevent detection of events with sources at large distances.
Using the DIA optical depths, we estimate the observed event rate per line of sight as:
where ε LSST (l, b, t E ) is the LSST efficiency for detecting microlensing events with the duration t E toward a given direction. Indeed, this function is the mentioned probability function ε LSST (l, b) for special group of simulated microlensing events which have the timescale about t E . The efficiency function ε toward the Galactic bulge and the Galactic disk with |b| < 2 • is much smaller than those toward the other directions, because of their high blending effect and interstellar extinction, see Figure 5 (b). In Figure ( 7), the LSST efficiency averaged over different directions < ε LSST > versus the Einstein crossing time is plotted. This efficiency is calculated via a Monte-Carlo simulation over the whole Galactic plane. The efficiency function increases with increasing the Einstein crossing time. The event rate per line of sight through the Galaxy are represented in Figure 6 (b). The event rate is high wherever the stellar number density is high, except the directions with |b| < 1.5
• , i.e., toward the Galactic disk with very high interstellar extinction.
In order to estimate the number of observable microlensing events, we evaluate the number of background and visible stars. Our criterion for visibility is that blended stellar brightness should be between LSST detection and saturation limits at least at one filter. The total number of these stars toward a given direction and per square degree is given by:
where LSST (l, b, D s ) is the efficiency for specifying stars located at a given distance toward a given direction at least at one LSST filter. We multiply N ,LSST by a factor of 2/3 because around one third of stars are in binary systems and can not be discerned separately. Note. -For each direction, the averaged value of each parameter and its standard deviation from the mean value are mentioned in the first and second rows, respectively. N ,l,LSST and N e,l are calculated over the area Ω l .
the Galactic plane, which is very high toward the Galactic bulge in comparison with other directions. Because of the high extinction toward the Galactic disk (|b| < 1.5
• ) the number of visible stars reduces for these directions.
Finally, we can estimate the number of observable microlensing events per square degree during the observing time T obs , using:
Figure 6(d) represents the map of N e (l, b) per square degree per year in the logarithmic scale. The number of microlensing events toward the Galactic bulge and disk are in the order of 400 and 15 per square degree, respectively. Therefore, on the average the LSST fields toward the Galactic bulge and disk the number of events will be 3840 and 144, respectively during 10 years observation with the 3.9−day cadence. Accordingly, LSST will detect very large number of microlensing events in comparison with the nowadays surveys because of (i) large FoV and (ii) its deep observations. Certainly, the probability of observing special events, e.g., the events with stellar black holes as microlenses, is high in large population of detected microlensing events. In order to quantitatively compare the detectable -Statistics of microlensing parameters for LSST Galactic plane events. These statistical parameters are the DIA optical depth, the observing rate of events detectable by the LSST per year, per star, the number of background stars detectable in at least one of the LSST filters per square degree and the number of detected microlensing events per year per square degree from top to bottom, respectively. In the last panel, the values of log 10 [Ne] smaller than −2 are marked same as −2 and the smallest recorded value is −3.5. microlensing events toward different directions in the Galaxy, in Table ( 1), we report the characteristics and statistics of these events for four different directions. The first column of this table specifies the Galactic latitude and longitude of these directions. The first direction is toward Baade's window, the second one is toward the β Sct ( which is one of four directions observed by EROS-II, the end of the Galactic bar is visible from this line of sight), other directions are toward the Galactic plane. In each row, the values of the physical parameters (first rows) and their standard deviations (second rows) calculated over the detectable microlensing events are reported. Two last columns are calculated over the area of the given line of sight, i.e., N ,l,LSST = N ,LSST × Ω l and N e,l = N e × Ω l . The number of visible stars per line of sight and the blending effect toward the Galactic bulge is higher than those toward the Galactic disk. As one can expect, the optical depth toward the Galactic bulge is higher than that toward the Galactic disk which causes the high number of detectable microlensing events toward the Galactic bulge. In the next subsection, we check the validity of our simulation by comparing with other microlensing observations.
Comparison of the LSST simulation with other
observations The EROS-II team has searched the microlensing events toward the Galactic spiral arms, away from the Galactic bulge (Rahal et al. 2009 ). Moniez et al. (2017) simulated the EROS-II observations and from comparing the real observations with the simulation constrained the kinematics of the disk, the stellar mass function and the maximum contribution of a thick disk in the form of the compact objects. In order to test our code by replicating the results of EROS-II, we repeat the simulation toward the four directions of EROS-II observations with the same conditions. Also, we use the function of the EROS-II efficiency for detecting microlensing events versus the Einstein crossing time (plotted in their Figure  (6) ) as the detectability function. Toward β Sct with the coordinates l = 26.6
• , b = −2.2 • we get the average value of the Einstein crossing time of 56.9 days, which is in the agreement with the observed value of 59±31 days. The quoted uncertainty is the standard deviation from the mean value. Toward γ Sct, l = 18.5
• , b = −2.1 • , we get < t E >= 52 ± 30 days, while the observed value was 47 ± 32 days. Toward γ Nor with l = 331.1
• , b = −2.4
• , from simulation < t E >= 54 days, again in the same order of the observation amount, i.e. 57 days. Finally, toward θ Mus with l = 306.6
• , b = −1.5
• < t E > from simulation and observations are 81 ± 49 and 97 days. The small differences between the results from our simulations and real observation are due to difference photometry systems for the source stars, their observing strategies, etc.
We also compare the optical depth map from this sim- Awiphan et al. (2016) . This simulation was based on the MOA-II observations of microlensing events. The map of the optical depth for DIA sources brighter than 23 mag in I-band (the faintest limit in their simulation) from MaBµlS is shown in Figure 8 (a) and our optical depth map in the same range of the Galactic latitude and longitude is plotted in Figure 8 (b). These two maps are similar, but the optical depth from LSST simulation is larger than that from MaBµLS. One reason is that LSST is deeper than 23 mag in I-band, even by considering the difference in their exposure times (the exposure time of MOA-II observations is 60 seconds twice the LSST exposure which results the difference in their limiting magnitude diminishes by ∼ 0.3 mag).
The impact of the LSST cadence on the
Microlensing observation In order to study the effect of improving the cadences on the microlensing detections with LSST, we perform the simulation with several cadences equal to (2.0, 3.0, 4.0, 5.0, 6.0) days. In table (2), we report the physical parameters that depend on the cadence. These simulations are done for two directions toward (i) the Baade's window with (l = 1
• , b = −4 • ) and (ii) the Galactic disk with (l = 300
• , b = 3 • ). According to the table, improving the cadence makes the shorter-duration microlensing events due to somewhat fainter source stars be more observed. Since, the number of these events are intrinsically high, so by improving the cadence the number of detectable microlensing events raises. According to Table ( 2), changing the cadence from 6 days to 2 days doubles the number of observable microlensing 8 http://www.mabuls.net/ events throughout the Galaxy.
LSST OBSERVING STRATEGIES
LSST is supposed to observe 449 fields of the Galactic plane, i.e., with the coordinates |b| < 10
• and |l| < 100
• . Each field is almost circle-shape with the diameter 3.5 deg and the area 9.6 deg 2 which corresponds to 150 lines of sight in our simulations. 178 of these fields will be observed by LSST with the 3.9−day cadence during 10 years (I) and 271 of these fields LSST will be observed only during the first year and with a 0.96−day cadence (II). These fields are shown in Figure (9) . The fields will be observed with the 3.9−day cadence are represented with yellow circles and the others are shown with green ones.
We used LSST OpSim simulations to extract epoch of observation, airmass, seeing FWHM, and filter for each visit in each field separately. These parameters have impact on the results of the simulation. We perform the Monte Carlo simulation for all of these fields to estimate the number of microlensing events that are detected by LSST by considering the corresponding their realistic strategies (I) and (II) and use the sequence of time, airmass, FWHM, filter for simulating syntectic data points for each simulated light curve. The table (3) contains the results of these simulations. The first row represents the characteristics of detectable microlensing events toward the fields shown with yellow circle in Figure (9 ) during 10 years observations with the 3.9−day cadence and the second row, (II), shows the properties of the detectable microlensing events toward the other fields (green circle in Figure 9 ).
According to this table, LSST with the second strategy (II) will detect shorter-duration events than those are detectable with the first strategy (I). According to Figure  (9) , most of fields with small Galactic latitude (toward Fig. 9. -The fields will be detected by LSST (I) during 10 years with around 900 epochs and with the averaged 3.9−day cadence (yellow circles) and (II) during the first year with 30 epochs in each filter (green circles). The area of each field is 9.6 deg 2 .
TABLE 3
Characteristics of detectable microlensing events toward the Galactic plane with LSST by considering two different strategies (I) and (II), resulted from the Monte Carlo simulation. Note. -Averaging is done over the detectable microlensing events toward different fields. The last column is the summation number of detectable events over all related fields.
TABLE 4
The impact of two LSST observing strategies, i.e., (I) and (II), on characteristics and statistics of detectable microlensing events toward 390 different fields. The first column, (lc, bc), indicates the coordinates of the center of each field. For other columns and for each row, two values are given which are corresponding to the strategies (I) and (II), respectively. The averaging is done over the area of each field.
the Galactic bulge and disk) will be detected with the second strategy, whereas toward these directions the optical depth is higher. Consequently, the number of detectable microlensing events with the strategy (II) during one year with the 0.96−day cadence is more than those detected by the first strategy. Also, the stellar extinction for these directions is high which makes the averaged impact parameter of the detectable events be a little smaller. However, the microlensing events potentially detectable the strategy (II) will be of low value. The reasons are (i) the number of baseline data points is rare so that the source fluxes can not be estimated accurately.
(ii) Lack of baseline data intensifies the degeneracy between the source flux and the Einstein crossing time which in turn causes weak estimations of the events' timescale. During one year observation, (iii) measuring the parallax effect for long-duration microlensing events and (iv) discerning the variable stars from microlensing events are difficult. All of these issues can be solved by increasing the observational time to longer than one year. Here, we compare these strategies in the regard of detecting microlensing events toward similar fields, by simulating detectable microlensing events. Table (4) contains some characteristic and statistic parameters of detectable microlensing events toward different fields by considering the LSST observing strategies (I) and (II) (the first and second values of each parameter are due to strategies I and II, respectively). This table can be used to optimize LSST observing strategy for disk microlensing events. As an example, when some of the fields currently scheduled for strategy (II) could be observed with strategy (I), one can select the bins of Galactic longitude and in each bin select a field for which the change of strategy would give the highest increase in N e . We note that the ratio of N e values for any given field in the two strategies is less dependent on simulation details than the raw values themselves. According to this table:
• Generally, during 10 years observation with 900 epochs (I) LSST will detect more and on average longer microlensing events than those detectable during one year observation with 180 epochs (II). Detecting longer microlensing events somewhat justifies the negative effect of long cadence in the observing strategy (I) on detection of short signals in microlenssing events, e.g., planetary ones. Usually, the longer microlensing events have longer planetary signals, because the time of caustic crossing is proportional to the Einstein crossing time. Hence, with the first observing strategy (I) although the time interval between data points is long and around 3.9 days, but detectable events are on average longer and as a result have longer planetary signals.
• With the second strategy (II) the probability of detecting microlensing events is higher than that with the other, because the number of shortduration microlensing events is intrinsically higher than long-duration ones. This cause that increasing the observing time from one year to 10 years does not enhance the number of detectable events by a factor of 10.
• Mostly, the source stars of detectable events with the strategy (I) are somewhat fainter with higher blending effect than those with the second strategy.
Accordingly, LSST can have significant sensitivity to exoplanets throughout the Galaxy, if either if cadence better than ∼ 1−day is executed, or follow-up observations are conducted. By detecting planets toward different directions in the Galaxy, we can study their Galactic distribution (Gould 2013) .
SUMMARY AND CONCLUSIONS
We studied the detection of microlensing events toward the Galactic disk and bulge with LSST. In this regard, we performed a Monte Carlo simulation according to its strategy toward the Galactic longitude and latitude in the ranges of |l| < 100
• and |b| < 10 • . We assumed that the cadence of the LSST observations is equal to 3.9 days and its exposure time is 30 seconds. The results of the simulation were (i) LSST mostly detects the microlensing events of source stars with the average magnitude around 22 in r−band. Although fainter stars (up to 24.3 mag in this filter) are visible by LSST, but microlensing events due to these faint stars have small chance to be realized. Because of large blending effect they have to be highly magnified to generate high enough signal to noise ratios. But on the other hand, the high-magnification microlensing events' durations are scaled by the lens impact parameters, i.e., their durations are mostly short in comparison to the LSST cadence.
(ii) Generally, the detectable microlensing events are (little) longer than common events observable with nowadays surveys. Thus, LSST partly helps to study microlensing events with more massive microlenses or closer events, etc.
(iii) We predicted that LSST on average detects around 400 and 15 microlensing events per square degree (or 3840 and 144 per LSST's FoV) during its lifetime toward the Galactic bulge and disk, respectively. This large number of visible microlensing events are due to its large FoV and its observing depth.
We performed some simulations with different cadences to study the effect of cadence on the statistics and properties of observable microlensing events. Our simulations show that improving the cadence increases the detection efficiency for short-timescale events. The number of these events is intrinsically high. Therefore improving the cadence raises the number of detectable microlensing events, e.g. improving the cadence from 6 days to 2 days approximately doubles the number of detectable microlensing events throughout the Galaxy.
The current strategy for LSST is that it observes (I) some parts of the sky with the average 3.9−day cadence during 10 years and (II) some other parts of the sky with 180 epochs during the first year of its lifetime. We performed the simulation by considering the corresponding strategies for these fields (shown in Figure 9 ) and concluded that the number of events corresponding to these strategies are 7900 and 34000, respectively. Most of fields with small Galactic latitude (toward the Galactic bulge and disk) are supposed to be detected with the second strategy. Toward these directions, the stellar number density and as a results the optical depth and the event rate are higher which results the larger number of detectable microlensing events.
We have also presented expected number of events for each field under both observing strategies (Table 4) which could be used to optimize the LSST observing strategy. Toward alike field, LSST with first observing strategy (I) will detect more and on average longer microlensing events than those observable with the strategy (II). Although the cadence in the first strategy is long, but on the other hand long observing time (10 years) helps carefully measuring the baseline source fluxes and the parallax effect for long events, discerning the variable stars from microlensing events, etc., whereas they are difficult to measure if only one year of observations is available. In addition, because of longer observing time the statistic of detectable events is higher with the first strategy than that with the second strategy.
Lastly, LSST can have significant role on detecting planets throughout the Galaxy and studying their Galactic distribution; either with the first strategy as well as follow-up observations or with the second strategy, i.e. ∼ 1−day cadence or shorter, but with somewhat longer observing time. In addition, LSST Observation of the Galactic disk during several years with ∼ 3.9−day cadence, first strategy (I), will allow finding isolated black holes. Long observing time helps to measure their parallax effects and baseline magnitudes, etc. We thank Mike Lund for consultation. We especially acknowledges M. Penney for careful reading and commenting on the manuscript. The work by S. Sajadian was supported by a grant (95843339) from the Iran National Science Foundation (INSF). 
